Study design: A systematic review was undertaken, based upon methods recommended for effectiveness questions but adapted to identify observational risk factor (RF) studies. Objectives: The literature identifies many RFs for pressure ulcer (PU) recurrence and development; however, RFs independently predictive of PU development in adults with spinal cord injury (SCI) have not been determined. A systematic review was undertaken to identify RFs for PUs for people with SCI. Setting: Acute hospital, community and rehabilitation settings. Methods: Electronic searches of MEDLINE, EMbase and Cochrane databases from 1980 to 2011 were completed. Retrieved studies were assessed for eligibility and quality criteria applied by two independent reviewers. Identified RFs were categorised into themes and compared and contrasted with RFs identified for the general PU population. Results: The five studies included 18 RFs. These were classified into six themes: sociodemographic, neurological, functional, clinical, biological and medical care management. RFs for both the general and SCI-specific populations were similar, however, clinical, functional and hospital management emerged as specific RF domains for the SCI population. Conclusion: We identified SCI-specific RFs for the development and recurrence of PUs. However, these findings are based on a small number of studies; highlighting the need for further confirmatory work to reduce PU development and recurrence, and provide a foundation for SCI risk assessment development.
INTRODUCTION
A pressure ulcer (PU) is an area of localised damage to the skin as a result of prolonged pressure alone or pressure in combination with shearing forces. 1 PUs vary in size and severity of tissue layer affected and range from skin erythema to damage to muscle and underlying bone. 2 PUs are prevalent in all health-care settings. In Europe, USA and Canada, incidence rates range from 1 to 66% for hospital, 4.2 to 23.9% for nursing home and 1.5 to 25% for community hospital patients. [3] [4] [5] [6] The cost of PUs to the National Health Service is substantial, with the total annual cost for treatment in the United Kingdom being d1.4-d2.1 billion, making up 4% of the annual National Health Service budget. 7 This equates to approximately 412 000 individuals in the United Kingdom developing PUs per annum. Clinical practice guidelines aim to minimise incidence by highlighting patients at risk and implementing patient-orientated interventions to prevent PU development, 8 thereby reducing the burden of PUs on both patients and health-care systems.
The loss of motor, sensory and autonomic control associated with a spinal cord injury (SCI) makes PUs the most common secondary medical complication associated with such an injury; 9, 10 up to 95% of adults with a SCI will develop at least one PU in their lifetime. 11 PUs have a negative impact on quality of life, 12 contribute towards rehabilitation set-backs and hospitalisation, 13 in 7-8% 14 patients complications that can lead to death, 9 and significantly impact on the life-long care management of SCI patients.
The 2009 NPUAP/EPUAP evidence-based risk assessment for PU prevention and management statement 1 was developed to guide clinicians towards the most appropriate course of action for preventing and managing PUs in health-care settings. The guidelines were formulated based on a comprehensive generic literature and although the collaboration considered the unique needs of SCI patients, relevant SCI-specific literature was not reviewed comprehensively. Consequently, the specific needs of this patient population were not adequately represented.
Recently, risk factors (RFs) for PU development in the general adult population have been reviewed. 15 No single factor can explain PU risk; rather, there is a complex interplay of factors that increase the probability of PU development. Three independent predictors of PU development emerged: mobility, perfusion (including diabetes) and skin condition. Other important factors include skin moisture, age, haematological measures, nutrition and general health status. [16] [17] [18] Gender, marital status, 19, 20 education, income and time from injury 21 have been associated with the presence of PUs in people with SCI, suggesting these factors may be important predictors of PU development in SCI. Longitudinal research may assist in determining RFs independently predictive of PU development. Considering that people with SCI may be both insensate and immobile, 16 elucidation of key RFs for PUs would enable identification of those people with SCI who are most susceptible to PUs and subsequently implementation of appropriate preventative interventions. This would require differentiating key RFs for people with SCI from those of the general population to accurately predict PU development in SCI and to guide the development of precise and specific risk assessment scales and clinical care guidelines for SCI patient care.
This research sought to identify RFs that independently predict PU development and recurrence in adult SCI populations and determine whether RFs specific for people with SCI differ from RFs for the general PU population. 15 
MATERIALS AND METHODS

Research design
A systematic review including prospective cohort, retrospective record reviews and clinical trials that identified RFs associated with PU development and recurrence in SCI populations using multivariate analytical techniques.
Electronic search
MEDLINE and EMbase databases were searched from January 1980 to September 2011 to identify relevant studies electronically. A search strategy was developed consisting of search terms for PUs (for example, pressure sore, bed sore or decubitus ulcer) and SCI (for example, spinal injury, paralysis or quadraplegic). 22 To increase specificity, the searches were refined by publication (not commentary, letter, guidelines or audit), wound type (not buruli, digital ulcers, burns or spider bites), and limited to humans and adults (aged 18 years or above). The search strategy is available on request. The Cochrane Clinical Trials Register was also searched using terms: 'pressure ulcer or pressure sore' and 'spinal cord or spinal injury' and trial. Searches were restricted to adult, human studies. No language or geographical restrictions were applied. Authors of non-English papers were contacted to provide information required to determine eligibility. A citation search was performed on studies meeting eligibility criteria to identify further studies not retrieved electronically.
Study selection criteria
Eligibility criteria stage 1. Retrieved abstracts were reviewed against the eligibility criteria by two reviewers independently (JM, CG). Prospective cohort or retrospective record review studies, with or without comparison groups, or controlled trials of adult in-or outpatients, in acute, intermediate or long-term care settings with a SCI were considered potentially relevant if the outcome was the development of a new PU of any category or location and/or recurrence of a previous PU. No restrictions were applied by type of RFs studied.
Eligibility criteria stage 2. Studies were included if: the study inclusion criteria were clearly reported; outcome was either development of PU Xcategory 1 or equivalent or recurrence; and analyses included multivariate methods to identify RFs associated with PU development. In addition, cohort and record review studies were included if loss to follow up was less than 20%; clinical trials were included if allocation concealment and intention to treat methods were used. Potentially relevant studies identified at stage 1 were obtained and assessed by two reviewers (JM, CG) independently against stage two criteria. Disagreements were discussed with a third reviewer (JN).
Quality criteria/assessment
Quality criteria, consistent with methods developed by Nixon et al. 15 and based upon guidelines for assessing quality in prognostic studies and methodological considerations in the analysis and publication of observational studies, 23, 24 were applied to studies meeting stage two criteria. Each study was appraised by two reviewers (JN, CG) and the following methodological limitations were noted where present: baseline characteristics not adequately described; inadequate measurement of RFs; inappropriate cut-points used for continuous data; and time-dependent covariate's included in the analysis without appropriate adjustment.
In addition, specific consideration was given to the following criteria:
1. Was there sufficient number of events (rule of thumb, X10 events per RF) 2. Was there sufficient presentation of data to assess the adequacy of method and analysis 3. Is the strategy for model building (that is, inclusion of variables) appropriate 4. Was the selected model adequate for the design Each criterion was assessed as being met (yes/no/partial/unsure), which provided a structured approach for the classification of overall study quality:
High: yes to all criteria Medium: yes to criteria 1 and at least 2 other criteria Low: no for criteria 1 and not or partial for 2 other criteria Very low: no for criteria 1 and not or partial for all 3 other criteria
Data extraction
For studies that met stage 2 eligibility criteria, data were extracted by a single reviewer (JM) into tables and checked by a second reviewer (CG). Study characteristics (for example, study population, recruitment type used, PU definition and analysis method) and RFs investigated in the multivariate models, including those found to be significant, were extracted. Authors were contacted if papers were unobtainable or methods reported needing clarification.
Data synthesis
Study heterogeneity did not allow for meta-analysis to be conducted. As the aim of this review was to identify RFs and not quantify their effects on PU development, a narrative synthesis was conducted to present RFs. Significant RFs were extracted, their frequency reported and summarised under relevant themes. The provisional RF themes that emerged were directly compared with PU RFs identified for the general population. 15 Study RFs entered into multivariate modeling, as well as those which emerged as significant (P ¼ p0.05) in each study, were recorded. Those using stepwise regression, RFs were recorded (P ¼ X0.05) if they were independently associated with PU development in the final model. Significant RFs were then categorised to one of six themes and their significance levels recorded.
RESULTS
The searches retrieved 549 citations, minus duplicates. Of these, 46 were considered potentially eligible, and 5 studies met the eligibility criteria ( Figure 1) . The five included studies represent 595 participants with PUs (sample sizes ranged from 64 to 193) from acute, community and long-term care settings across the United States and Holland (Table 1) . Two studies were classified as high quality 25, 26 and three studies as low quality [27] [28] [29] (Table 2) .
Combined, the five studies explored 23 RFs through multivariate analyses, of which 18 emerged as significant and were grouped into six themes: socio demographic, neurological, functional, clinical biological and medical care management (Table 3 ). Completeness of injury, level of lesion, functional independence measure (FIM) level of self-care and independence, pulmonary condition, 25, 26, 28 CHART level of independence, previous PU surgery and self-reports 30 were significant RFs for PUs in people with SCI. For PU recurrence, 27 ethnicity, comorbidity and sitting time at discharge were important RFs (Table 3) .
DISCUSSION
This systematic review has identified RFs associated with the development and recurrence of PUs in the SCI population. Important RFs include SCI lesion characteristics, motor independence/mobility and having a history of PUs, compared mobility, perfusion and skin condition for the general PU population. 15 Additional predictors of PU development and recurrence in SCI include clinical, functional and hospital management domains. Mobility was found to be a significant RF for both SCI and general PU populations. 15 For SCI patients, a range of assessment scales were used, both specifically (for example, American Spinal Injury Association Impairment Scale 30 ) and not specifically designed for people with SCI (for example, Functional Independence Measure 31 ). This lack of homogeneity in descriptor values impacts upon the interpretation and use of the data in further analysis, suggesting a need for an agreed minimum data set that includes mobility and other SCI RF variables such as SCI lesion characteristics.
Initial medical care management was a significant RF for PU development in people with SCI, findings consistent with Gélis et al. 32 Quick admission to a specialist unit and the use of the correct pressure-relieving equipment can reduce PU incidence. 33 The development of a PU increases patients' risk of further PU development and recurrence, 34 leading to added medical complications. African American origin was also found to be a RF for PU development in SCI; it may be more difficult to recognise skin breakdown in individuals with darker skin. 31, 35, 36 However, race may be a proxy for social factors such as wealth, education and health-care accessibility. 31, 36 Further research is needed to determine the extent of the relationship between socioeconomic, racial and clinical factors, and how they affect PU development. A coordinated multidisciplinary team response to a SCI patient may be required to reduce length of hospital stay, improve quality of life and reduce health-care costs; however, further empiric evidence is required.
There are numerous RFs related to tissue perfusion making it a multi-factorial risk. 'Perfusion-related variables' such as diabetes, anaemia and blood pressure are thought to increase PU development. 16 Although excluded in this review due to recall bias, patient self-report prevalence surveys have found a link between tobacco use and PU development in people with SCI. 37, 38 Age has been a disputed RF for both the general 39, 40 and the SCI population. 38 Age is likely to be a multi-factorial RF related to increased morbidity and disease, which decreases mobility and in turn affects skin tolerance and its ability to heal. 17 There may be an association between age, skin perfusion and ability of skin to heal, but no definitive study has found a link. Perfusion is a broad theme and further investigation is needed to determine how the array of variables interact and affect skin breakdown, and consequently PU risk in SCI patients.
RF research in SCI has focused on factors associated with the injury itself, such as the level and completeness of injury and when and how it occurred. 25, 32, 36 In contrast, RF research in the general PU population has often focused on factors such as moisture, perfusion and nutrition. 15 It is therefore unclear whether our findings are due to a research bias or whether in fact the two populations have different PU RFs (for example, not all RFs associated with PU development in the general population have been investigated as potential RFs for people with SCI).
Our findings show no definitive difference between RFs for PU development and recurrence; co-morbidity and ethnicity were highlighted for both, however, time spent sitting at hospital discharge was only associated with recurrence. However, only one study investigated RFs associated with PU recurrence, highlighting the need for further research. Some might suggest that RFs associated with development of new PUs are different to RFs associated with recurrence but this was outside the scope of this review and requires formal review and further analysis to inform future research and clinical practice. In the general and SCI populations, having a history of PUs was a RF for future PU development. 34 Decreased mobility as a result of surgery or an existing PU increased the risk of further PU development/ recurrence, particularly on bony prominences. 31, 36 PUs can also cause changes in the skin, increasing susceptibility to PU recurrence/development. 41 Current risk assessment does not contain PU history as a RF 36 despite mounting evidence that it is an important RF. SCI-specific risk assessment scales may need revising in light of the review finding.
Our work builds on previous research 15, 32, 36, 42 through adapted methods, a comprehensive search of the literature, and strict eligibility criteria applied, including only studies that had used multivariate statistical methods. We also undertook a thorough quality assessment, with consideration of study attrition, participation and confounding factors as a means of highlighting study bias and limitations. Two of the studies included in this review used rigorous analytical techniques to identify significant RFs. However, three were assessed as low quality, mainly due to insufficient number of events recorded per RF and therefore not powered appropriately for multivariate analyses. This has implications for other findings; it is possible that not all RFs important in PU development or recurrence in people with SCI were identified as significant. Evidence suggests factors such as age at injury, duration of injury and the presence of an indwelling catheter may be important RFs, but these did not emerge as significant in models. Thus, these should not be disregarded as potential RFs associated with PU development or recurrence until further investigation precludes them.
Our review highlights important limitations with the current evidence and methodological challenges associated with interpretation of RF reviews in the absence of clear guidelines. Risk factors for pressure ulcer development in SCI J Marin et al limiting interpretation and overall conclusions. Further, the heterogeneity and methodological limitations of the studies identified precluded combining study results using meta-analysis. The number of studies included in this review was small, partly due to the strict inclusion criteria but also because of the lack of research conducted in this area. Due to the nature of their design, RFs highlighted in prevalence studies were considered prognostic indicators, giving frequency and distribution of SCI RFs. Including prognostic data assisted in the identification of factors that might be important for PU development, such as psychological factors 38, 43 and drug and alcohol use; 35 factors not explored by the studies included in this review. However, subsequent cohort studies are needed to determine the significance of these factors. Prevalence studies provide descriptive evidence for RFs and enable the tracking of trends, comparison of populations and time-point information, 44 but do not provide information pertaining to cause and effect. Including cohort studies using multivariate analysis techniques to identify RFs provided insight into the relationships between variables 45 through greater statistical power; however, it does not preclude other factors as potentially important for PU development; those identified through univariate or other methods.
Failing to undertake a meta-analysis may be perceived as a limitation, however, a question arises as to whether it is possible. Simon and Altman 46 suggest that meta-analysis is far more problematic for combining prognostic factor studies compared with clinical trials. The main problem is that patient inclusion criteria is not standardised across studies and prognostic studies often give no quantitative information beyond a P-value (for example, only 'not significant' reported). Negative findings are seldom published, suggesting that there may be more publication bias than has previously been reported for clinical trials. 47 Meta-analysis could not be effectively performed using only the information available from published research in this field. Therefore, a narrative synthesis of RFs that independently predicted the development and recurrence of PUs in the SCI population was undertaken, focussing on studies that had used rigorous statistical methods.
CONCLUSION
Work to identify RFs that independently predict PUs has been undertaken, however, factors specific to the SCI population have not been fully determined. This systematic review identified SCI-specific RFs for the development and recurrence of PUs. Skin quality and mobility are important RFs for both populations; however, characteristics of the spinal lesion, existing/previous PUs and independence in PU management are important SCI-specific RFs. Research in this area is scarce, highlighting the need for further confirmatory work to reduce PU development and recurrence and provide a foundation for SCI risk assessment development. Owing to differences identified between PU RFs for the general and SCI populations, different approaches to the care and management of these patients may be needed.
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